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1.0 INTRODUCTION AND SUMMARY 1 . '  
1.1 Task I - Oxygen Sensing Electrode 
The objective of this task is to develop an oxygen sensing 
electrode that will give a linear (or a reasonably close to 
linear response) to oxygen partial pressure in the range of 
approximately 5 to 30 psia. The initial approach being investi- 
gated is the use of diffusion controlled electrode reaction rates. 
I 
During the first: quarter the following phases of this task 
I 
1 
I 
I 
I 
were accomplished: 
1. Oxygen sensing electrodes were fabricated with two film 
thickness ( 1 / 2  and 1 mil) of Teflon heat sealed to repre- 
sentative metallic porous and mesh type substrates. 
2. Test cells t o  evaluate these sensing electrodes as a 
function of oxygen pressure, were designed and fabricated. 
Test equipment to evaluate the electrodes was designed 
and fabricated. At the end of the quarter the equipment 
3.  
was assembled abd being checked out in preparation for 
testing of electrodes. 
1.2 Task I1 - Oxygen Recombination Electrode 
The objective of this task is to select an oxygen recombination 
electrode capable of recombining the oxygen generated by the positive 
I 
I 
plate during charging. This electrode must be able to function over 
the temperature range of -20°C to +40"C. 
will be based upon their polarization characteristics. 
Selection of electrodes 
1. 
1.3 
During t h e  first q u a r t e r  t h e  fo l lowing  phases  of t h i s  t a s k  
were accomplished: 
1. T e s t  c e l l s  f o r  t h e  c h a r a c t e r i z a t i o n  of e l e c t r o d e s  were 
designed and b u i l t .  
2. Elec t rodes  of  v a r i o u s  s t r u c t u r e s  and compositions have 
been f a b r i c a t e d  and eva lua ted  over  t h e  o p e r a t i n g  range. 
3. The c a p a b i l i t y  of  recombinat ion e l e c t r o d e s  t o  perform 
over  t h e  e n t i r e  -2O'C t o  +40°C temperature  range  has 
been demonstrated.  
Task I11 - Negative P l a t e  Evalua t ion  
The o b j e c t i v e  o f  t h i s  t a s k  i s  t o  s e l e c t  s u i t a b l e  l o t s  of 
n e g a t i v e  p l a t e  f o r  u s e  i n  p ro to type  and f i n a l  c e l l  assembly. 
L o t s  w i l l  be s e l e c t e d  upon t h e i r  recombinat ion a b i l i t y  and 
ampere-hour s t a b i l i t y .  
During t h e  f i r s t  q u a r t e r ,  two l o t s  of  p l a t e  were r ece ived  
from manufacturing and were sub jec t ed  t o  s t anda rd  aerospace  
format ion  cyc les .  Test c e l l s  i n c o r p o r a t i n g  t h e s e  p l a t e s  a r e  
be ing  assembled. 
2. I 
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2.@ TECHNICAL DISCUSSION 
2.1 Task I - Oxygen Sensing E l e c t r o d e  
2.1.1 
2.1.2 
Experimental  Approach 
The i n i t i a l  approach i s  t o  u s e  a d i f f u s i o n - l i m i t e d  
e l e c t r o d e  coupled t o  a cadmium e l e c t r o d e .  The c u r r e n t  
i n  such a c e l l  depends upon t h e  r a t e  of  duf fus ion  of  
oxygen t o  t h e  e l e c t r o d e  s u r f a c e ,  provided t h e  e l e c t r o d e  
i s  he ld  a t  a p o t e n t i a l  a t  which oxygen i s  r e a d i l y  and im-  
media te ly  reduced. Under t h e s e  c o n d i t i o n s ,  t h e  d i f f u s i o n  
r a t e  of  oxygen and t h e r e f o r e  t h e  c u r r e n t  f low i s  d i r e c t l y  propor- 
t i o n a l  t o  t h e  oxygen p r e s s u r e  i n  t h e  g a s  phase. The problem 
t h e n  is t o  a d j u s t  t h e  f i l m  t h i c k n e s s  f o r  a material having a 
given p e r m e a b i l i t y  f o r  oxygen t o  g i v e  a l i n e a r  response  over  
t h e  d e s i r e d  oxygen p r e s s u r e  range. Our i n i t i a l  approach i s  
t o  e v a l u a t e  t h e  use of  t h i n  Tef lon  f i l m s  which are h e a t  
s e a l e d  t o  v a r i o u s  types  of e l e c t r o d e  s u b s t r a t e  materials and 
forms. 
E l e c t r o d e  F a b r i c a t i o n  
The e l e c t r o d e s  are f a b r i c a t e d  by p l a c i n g  a f i l m  o f  
Tef lon  ( D i e l e c t r i x  Co. S k i w e d  s h e e t )  on t h e  s u b s t r a t e ,  
cover ing  t h e  f i l m  w i t h  a smooth aluminum s h e e t ,  and p r e s s i n g  
a t  a c o n t r o l l e d  p r e s s u r e  and temperature .  The aluminum 
s h e e t  i s  used t o  prevent  s t i c k i n g  o f  t h e  Tef lon  t o  t h e  d i e  
f aces .  A f t e r  p r e s s i n g ,  t h e  aluminum i s  removed by d i s s o l v i n g  
i t  i n  c a u s t i c .  
The tes t  e l e c t r o d e s  f a b r i c a t e d  t o  d a t e  and c o n d i t i o n s  
of  f a b r i c a t i o n  a r e  l i s t e d  i n  Table  1. 
3. 
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Table  1 
DIFFUSION TYPE TEST ELECTRODES 
Nickel  S c r e e n - - - - -  - - - - - -  - - - - _ _ - - -  1, 112, 114 
Gold Mesh - - - - - - - - - - - - - - - - - - - - - - 1, 112, 114 
Nickel Porous S i n t e r  - - - - - - - - - - - - - - - - 1, 112, 114 
Tantalum Screen,  p la t inum coated  - - - - - - - - - - 1 -  - 
Tantalum Expanded Mesh, p la t inum coated - - - - - - - 1 - - 
Notes - P r e s s i n g  Condi t ions  -
2 1 m i l  f i l m s  - p r e s s u r e  - 6 t o n s / i n  , temperature  - 672"F, 
t i m e  - 45 minutes.  
2 112 m i l  f i l m s  - p r e s s u r e  - 4 t o n s / i n  , temperature  - 672"F, 
t i m e  - 60 minutes. 
1/4 m i l  f i l m s  - t o  be  done, c o n d i t i o n s  t o  be  e s t a b l i s h e d .  
4 .  
I 
1. - 2.1.3 T e s t  Cel l s  
The d i f f u s i o n  e l e c t r o d e s  w i l l  be t e s t e d  f o r  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s  versus  a cadmium counter  e l e c t r o d e  as a 
f u n c t i o n  o f  oxygen pressure .  Two e l e c t r o d e  s i z e s  w i l l  be 
t e s t e d ;  one approximately 10 cm2 i n  a r e a  and t h e  o t h e r  
approximately 1 c m  i n  area. The components f o r  t h e  t es t  
c e l l  a r e  shown i n  F igure  1. The two e l e c t r o d e s  a r e  mounted 
on a L u c i t e  s h e e t  holder  by means of an epozy cement. The 
holder  i s  backed by a nylon s e p a r a t o r ,  followed by t h e  cadmium 
counter  e l e c t r o d e ,  another  p i e c e  of  s e p a r a t o r  and f i n a l l y  a 
n i c k e l  s c reen  counter  e l e c t r o d e .  The n i c k e l  e l e c t r o d e  w i l l  
be used t o  p e r i o d i c a l l y  r echa rge  t h e  cadmium e l e c t r o d e .  The 
c e l l  i s  f i t t e d  wi th  a va lve  and manifold connector  through 
which oxygen a t  a c o n t r o l l e d  p r e s s u r e  i s  d e l i v e r e d  from a 
gene ra to r  c e l l .  The manifold and valve a r e  a l s o  used t o  
evacuate  t h e  cel l  of a i r  p r i o r  t o  t h e  s tar t  of t h e  oxygen 
p o l a r i z a t i o n  tests. The t e s t  c e l l  i s  encased i n  an o u t e r  
c e l l .  The space between t h e  two ce l l s  is  f i l l e d  w i t h  a 
p l a s t i c  t o  provide  f o r  p r e s s u r e  containment.  This  con- 
s t r u c t i o n  i s  shown i n  F i g u r e  2. 
2 
2.1.4 T e s t  Equipment 
The oxygen consumed by t h e  tes t  cel ls  i s  supp l i ed  by an 
e l e c t r o l y t i c  oxygen genera tor  c e l l  and a c o n t r o l  system 
designed t o  main ta in  t h e  p r e s s u r e  a t  a p r e s e t  value.  A 
schematic  diagram of t h i s  system i s  shown i n  F i g u r e  3. 
The o p e r a t i o n  of t h i s  system i s  as fo l lows .  The tes t  ce l l s ,  
gene ra to r  c e l l  and wnometer  d e t e c t o r  are  f i r s t  evacuated 
and purged w i t h  oxygen. The system i s  then  p r e s s u r i z e d  t o  
5. 
I 
1 . '  
t h e  d e s i r e d  ope ra t ing  p res su re  wi th  oxygen. A s  oxygen i s  
consumed, the  mercury i n  the  manometer su rge  chamber l e g  
drops.  When the mercury l e v e l  f a l l s  below t h e  lower o f  
t h e  two e l e c t r o d e  probes t h e  c o n t r o l l e r  connects  power 
from t h e  cons t an t  c u r r e n t  power supply t o  n i c k e l  and cadmium 
e l e c t r o d e s  i n  the g e n e r a t o r  c e l l  w i th  oxygen be ing  evolved 
from t h e  n i c k e l  e l e c t r o d e .  The r a t e  of oxygen evo lu t ion  i s  
c o n t r o l l e d  by the c u r r e n t  from t h e  power supply.  A s  t he  
oxygen p res su re  b u i l d s  up,  t he  mercury l e v e l  r i s e s  i n t o  t h e  
su rge  chamber leg,  when i t  reaches  the  lower probe e l e c t r o d e  
power i s  removed from t h e  n i c k e l  and cadmium e l e c t r o d e .  I n  
t h e  event  of  a pressure  overshoot ,  when t h e  mercury l e v e l  
reaches  t h e  upper probe e l e c t r o d e ,  t h e  c o n t r o l l e r  connects  
t h e  a u x i l i a r y  e l e c t r o d e  and the  cadmium e l e c t r o d e  t o  t h e  
c o n s t a n t  c u r r e n t  power supply.  I n  t h i s  mode oxygen i s  con- 
sumed i n  t h e  gene ra to r  c e l l  t o  reduce t h e  p re s su re  t o  the  
d e s i r e d  value.  When t h e  mercury l e v e l  i s  i n  between the  
two probes,  t h e  gene ra to r  c e l l  i s  pass ive .  
The e l e c t r i c a l  schematic  and p a r t s  l i s t  f o r  t h e  oxygen 
p res su re  c o n t r o l l e r  i s  shown i n  F igu re  4 .  The completed 
c o n t r o l l e r  a long  w i t h  t h e  power supply f o r  t he  oxygen 
g e n e r a t o r  i s  shown i n  F igu re  5. The po t t ed  manometer 
d e t e c t o r  and oxygen g e n e r a t o r  c e l l  are shown i n  F igu re  6 .  
The system has been assembled and a t  t h e  end o f  t h e  q u a r t e r  
was be ing  checked o u t .  
b. 
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Figure  6 
Photograph - Manometer Detector  
and Oxygen Generator Ce l l  
12. 
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2.2 Task I1 - Oxygen Recombination E lec t rode  
2 .2 .1  Experimental  D e t a i l s  
Recombination e l e c t r o d e s  were eva lua ted  by o b t a i n i n g  
c u r r e n t  d e n s i t y  - v o l t a g e  ( p o l a r i z a t i o n )  curves  as a f u n c t i o n  
of o p e r a t i n g  temperature  and oxygen p r e s s u r e  i n  c e l l s  as 
i l l u s t r a t e d  i n  Figure 7. 
The t e s t ,  counter ,  and r e f e r e n c e  e l e c t r o d e s  a r e  
conta ined  i n  a s t a i n l e s s  s tee l  can wi th  a removeable cover .  
The cover  i s  f i t t e d  wi th  p rov i s ions  f o r  evacuat ing  and/or  
p r e s s u r i z i n g  the c e l l  and wi th  a p r e s s u r e  gauge. Terminals  
f o r  e l e c t r i c a l  connect ion t o  the  v a r i o u s  e l e c t r o d e s  a r e  
a l s o  provided i n  t h e  cover .  
The counter  e l e c t r o d e  c o n s i s t s  of a p i e c e  of  s i n t e r e d  
n i c k e l  plaque.  The r e f e r e n c e  e l e c t r o d e  i s  a p i e c e  of  p a r t i a l l y  I 
charged p o s i t i v e  p l a t e .  The s e p a r a t o r  i s  non-woven nylon. I 
The e l e c t r o l y t e  i s  31% KOH. The s e p a r a t o r  d i p s  i n t o  a pool  I 
of e l e c t r o l y t e  i n  t h e  bottom of  the  c e l l ,  t hus  i n s u r i n g  a I 
uniform degree  of s a t u r a t i o n  i n  a l l  t e s t s .  I 
The e l e c t r o d e  and s e p a r a t o r  are assembled between two I 
l u c i t e  p la tes  as shown i n  F igu re  8. The co r ruga ted ,  per -  
f o r a t e d  PVC provides  access  of 02 t o  the f a c e  of t he  recom- 
b i n a t i o n  e l e c t r o d e .  Uniform compression i s  assured  by 
apply ing  cons tan t  to rque  t o  the  fou r  n i c k e l  p l a t e d  screws 
ho ld ing  the  assembly toge the r .  
For ope ra t ion ,  t h e  t es t  c e l l s ,  a f t e r  f i n a l  assembly, 
and p r e s s u r e  t e s t ,  a r e  evacuated t o  30 inches  Hg vacuum and 
back f i l l e d  with 0 2  t o  t he  d e s i r e d  p res su re .  They are then  
e q u i l i b r i a t e d  f o r  1 6  hours  a t  t h e  t e s t  tempera ture .  Following 
13. 
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F i g u r e  7 
Recombination Elec t rode  Tes t  Cell  
Components 
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Separator, 
Non-woven Nylon 
Re comb i n  at ion 
Electrode Under Test I /- WC Spacer Perforated, Corrugated 
Lucite Plate- 
Sinter Ni 
1 / rLucite Plate 
- Reference Electrode 
FIGURE 8 
Electrode Assembly for 
Recombination Electrode Evaluation 
I 
1. t h i s  temperature  s t a b i l i z a t i o n ,  c u r r e n t  i s  passed between 
t h e  counter  and t e s t  e l e c t r o d e s ,  caus ing  O2 t o  be genera ted  
on the  former and recombined on the  l a t t e r .  The v o l t a g e  
between the  tes t  and r e f e r e n c e  e l e c t r o d e  i s  measured a t  each 
c u r r e n t  l e v e l .  Hydrogen e v o l u t i o n  on t h e  tes t  e l e c t r o d e ,  i f  
al lowed t o  occur,  can be observed by a r i s e  i n  the  c e l l  
p r e s s u r e  and a l s o  by t h e  t e s t w s  r e f e r e n c e  e l e c t r o d e  vo l t age .  
2 .2 .2  E lec t rode  Fabr i ca t ion  
Recombination e l e c t r o d e s  a r e  f a b r i c a t e d  by a p p l i c a t i e n  
of P t  c a t a l y s t  t o  a s u b s t r a t e  c o n s i s t i n g  of n i c k e l  powder 
s i n t e r e d  t o  an expanded n i c k e l  s t r i p .  The e l e c t r o d e s  a r e  
wet-proofed by a p p l i c a t i o n  of a Tef lon  suspens ion  t o  the  
gas  f a c e  of the  e l e c t r o d e  and subsequent ly  cu r ing  a t  e l e v a t e d  
temperature .  D e t a i l s  of t h e  e l e c t r o d e s  f a b r i c a t e d  dur ing  t h i s  
pe r iod  are presented  i n  Table 11. 
2 . 2 . 3  Resu l t s  and Discussion 
The performance of  t h e  f i r s t  group of e l e c t r o d e s  eva lua ted  
i s  p resen ted  i n  F igure  9.  As can be seen ,  t h e  e l e c t r o d e s  are 
capable  of  recombining oxygen a t  s u b s t a n t i a l  ra tes  a t  moderate 
temperatures  and p r e s s u r e s ,  b u t  t h a t  t hey  f u n c t i o n  poor ly  a t  
t h e  extremely l o w  temperature .  While a dec rease  i n  performance 
i s  t o  be expected w i t h  a dec rease  i n  o p e r a t i n g  tempera ture ,  
t h e  e x t e n t  t o  which t h i s  occurs  may be modif ied by a l t e r i n g  
t h e  s t r u c t u r e  of t he  e l e c t r o d e .  Such a l t e r a t i o n s  would inc lude  
plaque s t r u c t u r e ,  c a t a l y s t  l oad ing ,  and wetproofing.  
Such mod i f i ca t ions  w e r e  eva lua ted  i n  t h e  e l e c t r o d e s  of  
groups 2 through 4.  Typica l  r e s u l t s  f o r  v a r i o u s  of t h e s e  a r e  
p re sen ted  i n  F igures  10 and 11. I n  F igu re  10 are p resen ted  
16. 
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Table  I1 
DETAILS O F  RECOMBINATION ELECTRODE FABRICATION 
E l e c t r o d e  S in t e red  N i  Plaque 
Lot Thickness -Group Number 
1 183 
184 
2 192 
193  
195 
3 R- 1 
R- 2 
R- 3 
4 500- 1 
500- 2 
500- 3 
m i l s  
5- c 10 
5- c 10  
8 14  
8 1 4  
8 1 4  
5 11 
5 11 
5 11 
5 11 
5 11 
5 11 
Poro s i t  y 
% 
74.5 
74.5 
81.2 
81.2 
81 .2  
85.4 
85.4 
85.4 
85.4 
85.4 
85.4 
1 .23  
1.25 
2.69 
2.59 
2.67 
2.62 
2.70 
5.00 
5.16 
5.08 
10.29 
Tef lon  
1 mp/cm 
1.96 
1.84 
1 . 7 7  
1.24 
1 .55  
0.96 
1 . 2 3  
1 .12  
1.19 
1.17 
1 .23  
17. 
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1 . .  
2.3 
t h e  p o l a r i z a t i o n  curves f o r  e l e c t r o d e s  R-3 and 193 a t  
-25°C and 25 p s i a  of 02 pres su re .  
u se  of  a t h i n n e r ,  more porous plaque r e s u l t s  i n  an e l e c t r o d e  
wi th  improved low temperature  performance. The e f f e c t  o f  
c a t a l y s t  loading  i s  p re sen ted  i n  F igure  11, and an i n c r e a s e  
i n  t h e  performance i s  observed w i t h  an i n c r e a s e  i n  c a t a l y s t  
loading .  
It can be seen  t h a t  t h e  
Task 111 - Negative P l a t e  Lot  Evalua t ion  
2 . 3 . 1  Work Done During Quarter  
Two l o t s  o f  nega t ive  p l a t e  were r ece ived  from manu- 
f a c t u r i n g  f o r  eva lua t ion .  A s u f f i c i e n t  number of  p l a t e s  
t o  c o n s t r u c t  1 2  c e l l s  from each l o t  w e r e  c u t  t o  s i z e  and 
sub jec t ed  t o  s tandard  aerospace  format ion  c y c l e s .  The p l a t e s  
were then  washed f r e e  of e l e c t r o l y t e  and d r i e d .  The p l a t e s  
areL c u r r e n t l y  being assembled i n  s e a l e d ,  semi-s tarved t e s t  
ce l l s  f o r  c y c l e  t e s t i n g  i n  o r d e r  t o  determine t h e i r  recom- 
b i n a t i o n  a b i l i t y  and ampere-hour s t a b i l i t y .  
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a -  3.0 WORK PLANNED FOR NEXT QUARTER 
3 . 1  
3 . 2  
3 . 3  
Task I - Oxygen Sensing Electrode 
Additional electrodes will be fabricated as required. The 
electrodes now in hand will be tested for polarization character- 
istics over an oxygen pressure range of 5 to 30 psia and for 
temperature effects from -20°C to +40"C. The more promising 
candidate electrodes will be tested for longer term behavior, 
reproducibility, and internal cell impedance effects. 
Task I1 - Oxygen Recombination Electrode 
Additional electrodes will be fabricated in order to confirm 
the results presented above, and to extend the range of the 
variables. Work directed at determining the reproducibility of 
the electrodes has been initiated. 
A change in the design of the test cells is also being made. 
This change will allow for more uniform heat transfer from the 
working electrodes to the atmosphere. Provision for temperature 
measurement within the cell will also be made. These changes will 
allow for more uniform testing. 
Task I11 - Negative Plate Lot Evaluation 
One additional lot of negative plate will be obtained from 
manufacturing for evaluation. One lot from the three evaluated 
will be selected, on the basis of recombination ability and ampere- 
hour stability, for use in prototype and final cell assemblies. 
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